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ABSTRACT 

We present spatially resolved intermediate resolution spectroscopy of a sample of 
twelve E+A galaxies in the z = 0.32 rich galaxy cluster AC 114, obtained with the 
FLAMES multi-integral field unit system on the European Sout hern Observatory’s 
VLT Previous integrated spectroscopy of all these galaxies by ICouch fc Sharpie^ 
ilT^ had shown them to have strong Balmer line absorption and an absence of 
[OIIJA3727 emission - the defining characteristics of the “E+A” spectral signature, in¬ 
dicative of an abrupt halt to a recent episode of quite vigorous star formation. We 
have used our spectral data to determine the radial variation in the strength of HJ ab¬ 
sorption in these galaxies and hence map out the distribution of this recently formed 
stellar population. Such information provides important clues as to what physical 
event might have been responsible for this quite dramatic change in star formation 
activity in these galaxies’ recent past. We find a diversity of behaviour amongst these 
galaxies in terms of the radial variation in H(5 absorption: Four galaxies show lit¬ 
tle H(5 absorption across their entire extent; it would appear they were misidentified 
as E+A galaxies in the earlier integrated spectroscopic studies. The remainder show 
strong H(5 absorption, with a gradient that is either negative (HJ equivalent width 
decreasing with radius), flat, or positive. By comparing with numerical simulations we 
suggest that the first of these different types of radial behaviour provides evidence 
for a merger/interaction origin, whereas the latter two types of behaviour are more 
consistent with the truncation of star formation in normal disk galaxies with the H5 
gradient becoming increasingly positive with time after truncation. It would seem 
therefore that more than one physical mechanism is responsible for E+A formation in 
the same environment. 

Key words: galaxies: clusters: individual (AC114) — galaxies: evolution — galaxies: 
formation 


1 INTRODUCTION 

“E+A” galaxies exhibit strong Balmer absorption lines 
superimposed upon an elliptical galaxy type spectrum 
jPressIer fc Gunnl Il98.?ll and represent a population of 
galaxies that have undergone a significant change in their 
star formation rate. The lack of optical emission lines, 
for example [OII]A3727, indicates that star formation has 
ceased. However, the strong Balmer absorption line sig¬ 
nature implies the existence of a substantial population 


of young A stars which must have formed no more than 
Gyr ago. This spectral signature is u sually interpreted 
as the recent truncation of a starburst^ressle^^^^rm 
W8S; ICoucl^^^h^^le^^W^ rereafter CS87t 
199f : Poggian^^^^ Il999ll or the abrupt truncat ion of 
more normal star f ormation activity in a disk galaxy JCS87t 
iBalogh et alj[l99^ . 

The numbers of E+A galaxies seen in different envi¬ 
ronments evolves strongly with redshift. E+A’s are rare 
in nearby clusters, making up only about 1% of the total 
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galaxy population in the clusters iFabricant et al.lll99lll . 
and are even less common in the low-redshift field, com¬ 
prising roughly 0.03%-0.2% of the ov erall galaxy population 
dependin g on the selection crit eria (IZabludoff et al.lll99fiL 
hereafter IzQfiUBlake et aljl2nn4l . In contrast, these galaxies 
represent a significant fraction of the galaxy population in 
intermedia te redshift clusters , wher e they were initially dis¬ 
covered bv IPressler fc CunrJ il98,^l . Estimates of the frac- 



The physical processes involved in the formation of 
these galaxies remain unclear; however, it is unlikely that 
such a dramatic change in star formation activity could be 
due to internal factors and hence external ‘environmental’ 
influences would seem to be the cause. In this regard, a 
plethora of possible mechanisms have been sug gested includ¬ 
ing major mergers iMihos fc Hernauistlll99m . minor merg¬ 
ers and galaxy-galaxy interactions or, in the case of E-l-A 
galaxies residing in cluste rs, interactio n with the strongly 
varying cluster tida l field iBekkilll999h . galaxy harassment 
iMoore et alJ Jlj9jl_ or interactio n with the hot intraclus¬ 
ter medium llOunn fc Got,dll972ll . There is mounting evi¬ 
dence that E-l-A galaxies in the low reds hift field are the 
result of mergers or tidal interactions. IZ9fi inspected ground 
based imaging of a sample of 21 E-l-A galaxies drawn from 
the Las Campanas Redshift Survey (LCRS), and found a 
high incidence of tidal features in these galaxies implying 
mergers or galaxy-galaxy interactions in the formation pro¬ 
cess. This con clusion was later verified using high re solution 
HST imaging llYang et al.ll20oJl . iBlake et alJ (l2004l arrived 
at a similar conclusion using a larger sample drawn from 
the Two Degree F ield G alaxy Redshift Survey (2dFGRS; 
iGoIless et akfepoill . lGotol ll200!^^ using a sa mple of 266 E-|-A 

S ies from the Sloan Digital Sky Survey (lAbazaiian et all 
claimed to observe an excess in the projected local 
galaxy density on scales of < lOOkpc surrounding the E-l-A 
galaxies - indicating dynamical interactions as a likely for¬ 
mation mechanism. 

[Ncuton et al.l i200 obtained long slit spectroscopy of 
the IZ9fl sample in order to probe the spatial and kine¬ 
matic distribution of the stellar populations. In most cases 
they found the young stellar population to be pressure sup¬ 
ported, consistent with a merger ori g in. Th e study of 2dF- 
GRS E-l-A galaxies by iBlake et alJ i2004l supported this 
picture by demonstrating that these galaxies are preferen¬ 
tially spheroidal systems, as evidenced by their morpholo¬ 
gies, group environments and luminosity function. 

In contrast to the field E-l-A galaxies the picture for 
E-l-A galaxies that reside in t he dense clust e r environme nt is 
less clear. The HST studies of iGouch et al.l (I1994LIT998I1 and 
iDressler et al.l il999ll revealed that the majority of E-|-As 
in intermediate redshift clusters are undisturbed elliptical 
or early type disk systems. The very existence of such disk 
systems rules out equal mas s mergers that would disrupt 
the disk llPressler et al.lll999h . although minor mergers with 
a gas rich dwarf r emains a plausible formation mechanism 
iBekki et al ]l200ih . In the one example of spatially resolved 
spectroscopy of a high redshift {z « 0.18) cluster E-l-A, 


iFranxIlllfifi.’tl found evidence for strong rotation in the young 
stellar population. 

Knowledge of how this population of recently formed 
stars in E-l-A galaxies is distributed spatially is criti¬ 
cal information for differentiating between the proposed 
formation mechanisms. Mergers and tidal interactions 
lead to a centrally concentrated burst of star formation 
iMihos fc HernauisdllfifiS iBekki et al.ll2bo?^^ with the star- 
burst contained within the central 1-2 kiloparsecs. In con¬ 
trast, ram pressure stripping should lead to a r oughly uni¬ 
form truncation of star formation across the disk (iR.ose et alJ 
I 2 OOIII . Using a com bination of long s lit spectroscopy and 
broadband imaging iR.ose et alJ l^2^^1^ studied the spatial 
distribution of recent star formation in early type galaxies in 
three low redshift clusters and found that the star formation 
was centralised in comparison t o the distributions observed 
in similar galaxies in the field. iBartholomew et al.l ll200 
measured the colour gradients of early-type galaxies in a 
2 « 0.33 cluster and found that the E-l-A galaxies tended to 
have bluer nuclei than the overall galaxy population, imply¬ 
ing systematically more centralised star formation. 

In this paper we present new data on the spatial dis¬ 
tribution of H(5 absorption - one of the key tracers of the 
young stellar population - for a sizable sample of E-l-A 
galaxies in a rich intermediate redshift cluster. In contrast 
to previous studies, ours is the first to obtain such infor¬ 
mation via integrated field unit (IFU) spectroscopy on an 
8m telescope (the VLT). If mergers and tidal interactions 
are responsible for the E-l-A galaxy signature, then a strong 
negative radial gradient in Hd equivalent width is expected, 
in the sense that the equivalent wid th decreases with 
galacto-centric radius llBekki et alJl200^ . However, if the 
E-l-A signature is the product of the truncation of normal 
star formation, a more uniform distribution of Hd equivalent 
width across the galaxy is expected. Our target sample com¬ 
prises 12 E-l-A galaxies that are members of t he z = 0.32 
rich c luster AC 114 (also known as Abell S1077: lAbell et ^ 
Il989ll . which has been the subject of many previous studies 
as a result of its signifi cant population of blue ‘Butcher- 
Oemler’ galaxies (|CS87t). It has a high v elocity dispersion 
a = 1660kms“^ l|M^dmiJ^_Gelie3 ^C)0ll) and an irregular 
X-ray morphology 1^ 

The layout of this paper is as follows: In Section 2 we 
provide all the details relevant to the observational data used 
in our study, describing how our E-l-A sample was selected, 
giving details of our IFU spectroscopic observations, outlin¬ 
ing how the data were reduced, and discussing difficulties en¬ 
countered with the position of the IFU’s on our target galax¬ 
ies. In Section 3 we first examine our spectra in their inte¬ 
grated form (i.e., summed over the entire galaxy), comparing 
them with the original integrated spectroscopy obtained by 
lGS87l and thus verifying these galaxies’ classification as E-l-A 
types based on this previous lower resolution and signal-to- 
noise spectral data. In section 4 we then exploit the spa¬ 
tially resolved nature of our spectroscopy to map out the 
location of the young stars within our E-l-A galaxies, us¬ 
ing the equivalent widt h of the H^ absorption line , as de¬ 
fined by the H5 f index iWorthev fc OttavianillTfifiTll . as our 
tracer. In particular, we determine how H(5f varies with ra¬ 
dius across each galaxy, taking into account the convolving 
effects of astronomical seeing. We discuss and interpret our 
results in section 5, using model predictions for the radial 
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gradients in metallicity and H(5 strength under different for¬ 
mation scenarios as our main tool. Our main conclusions are 
summarised in section 6. Throughout this paper we adopt an 
Q.M = 0.3, r^A = 0.7 and Hq — 70 kms“^Mpc“^ cosmology, 
which places AC 114 at a comoving distance of 1231 Mpc, 
with 1" projecting to 4.6 kpc. 

2 DATA 

2.1 Sample Selection 

We targeted the members of AC 114 which had been previ¬ 
ously identified as E-l-A gala xies in the spectroscopic study 
of this cluster conducted by |CS8^;_We chose the brightest 
{R < 20.3) galaxies from the IcsstI sample, and paid no 
attention to their colour in our selection. Thi s mean t we in¬ 
cluded both the reddest E-l-A galaxies - which IcSSTI referred 
to as “red HJ-strong” (HDS) galaxies and have enhanced 
Balmer line absorption even though their colours are as red 
as passi ve E/S O galaxies - as well as those with bluer colours 
- which IcsstI referred to as “post-starburst” (PSG) galax¬ 
ies, since they are presumably seen much sooner after the 
cessation of star formation. All of these galaxies have no 
detectable [OII]A3727 emission. Also included in our sam¬ 
ple was the blue galaxy CN667, for which the IcsstI study 
was able to confirm its membership of AC 114 but not its 
spectral type. This gave us a sample of 12 galaxies. 

In Table 1 we list the photometric, spectroscopic, and 
morphological properties of this sample: col umn (1) gives the 
galaxy ’s identity number from the original IConch fc Newelll 
^19S4^ catalogue, column (2) gives the 77-band magni¬ 
tude, colum n (3) gives the 775T-ba sed Hubble types de¬ 
termined bv ICouch et alJ (11994llQQ^ . co lumn (4) gives the 
PSG/HDS spectral sub-type assigned bv ICSSll column (5) 
gives the bj — rp colours, and column (6) give s the re st frame 
H(5 equivalent width values (A) measured bv ICSSll Postage 
stamp images of all the galaxies taken in the F702W pass- 
band with HST, are displayed in Fig. 1. As can be seen, the 
galaxies generally have an early-type (E, SO, Sa-b) morphol¬ 
ogy, the exception being CN 22 which has a pec uliar mor¬ 
phology and was classified bv ICouch et all lll998^ as an ad¬ 
vanced merger. 

2.2 Spectroscopic Observations 

We obtained intermediate resolution IFU spectroscopy of 
our sample with the VLT-Kueyen telescope. We used the 
FLAMES system in the mode where it couples the OzPos 
multi-object fibre positioner to the GIRAFFE spectrograph. 
OzPos is able to deploy 130 single “Medusa” fibres or 15 
individual IFUs over a 25 arcminute field at the Nasmyth 
focus of the telescope. We utilised the latter to observe the 
twelve galaxies in our sample simultaneously; the remaining 
three IFUs were used to observe blank sky regions in order 
to facilitate accurate sky subtraction. Each IFU has a 3” x 2" 
(13.8 X 9.2 kpc) field of view which is sampled spatially by 
20 square (f.'5 lenslets; its geometry is shown in Fig. 2. 

The observations were obtained during the nights of 
2003 September 23, 26, and 27, being taken when the see¬ 
ing conditions were at their best. A total of 17 exposures, 
mostly of 1800 s duration, were obtained over these 3 nights. 


CN# R Hubble type Spec class bj - rp H<5 (CS8^ 


143 

20.31 

Sbc 

PSG 

1.67 

7.7 

187 

19.31 

SO 

HDS 

2.29 

3.4 

191 

19.69 

Sa 

PSG 

1.61 

5.6 

228 

19.90 

Sab 

PSG 

1.38 

5.1 

22 

19.73 

pec 

PSG 

1.47 

8.1 

247 

19.12 

E 

HDS 

2.44 

2.8 

254 

20.09 

so/a 

PSG 

1.99 

6.5 

4 

18.44 

E 

HDS 

2.29 

4.7 

667 

19.37 

Sb 

? 

1.67 

7 

849 

19.71 

Sab 

PSG 

1.82 

4.6 

858 

19.12 

E 

HDS 

2.35 

3.8 

89 

19.61 

E 

HDS 

2.23 

5.6 


Table 1. Summary of the photometric, spectroscopic and mor¬ 
phological properties of our sample. See text for details. 

in seeing which ranged from 0754 to 0784. They gave a 
combined exposure time of 29,119 s, during which the time- 
weighted mean seeing was 0775 (corresponding to a phys¬ 
ical scale of 3.5kpc at the redshift of the cluster). The 
GIRAFFE spectrograph was used in its ‘low resolution’ 
R=6000 mode and in the “LR4” wavelength setting. This 
configuration allowed us to observe over the wavelength in¬ 
terval 5015A < A < 5831A (3780A < Arest < 4420A at 
2 = 0.32) at a dispersion of ^0.2A per pixel. 

2.3 Data reduction 

The data were reduced using standard IRAF routines. In 
brief, each frame was first bias-subtracted and then its over¬ 
scan region removed. All science frames from a given night 
were then median combined, after having been scaled to al¬ 
low for the different exposure times. Cosmic ray rejection 
was performed as part of this process using the CRREJECT 
algorithm. The flat fields were used to identify the position 
of the spectra on the CCD. A smoothed scattered light signal 
was removed from the flat field and science frames by fitting 
a Chebyshev function to the pixels between the fibres. Fol¬ 
lowing this, the spectra were extracted and wavelength cali¬ 
brated using arc lamp exposures. The flat field spectra were 
used to calculate and correct for the variations in through¬ 
put from fibre to fibre; this was based on the total signal 
contained within each spectrum over the entire wavelength 
interval covered by our observations. Finally, all the spectra 
recorded through the three ‘blank sky’ IFUs were summed 
and averaged to form a mean ‘sky’ spectrum, which was then 
used to subtract the sky from the spectra recorded in the 
remaining 12 ‘target’ IFU’s. The spectra were corrected to 
a relative flux scale using an ARGUS-IFU observation of a 
flux standard star. 

Systematic errors in the sky-subtraction will lead to in¬ 
correct continuum levels in the spectra and hence to biased 
equivalent width measurements. In order to evaluate the ac¬ 
curacy of the sky subtraction we used the residuals of the 
individual ‘sky’ spectra after subtraction of the ‘mean sky’ 
signal. Using the residual in the A5577 atmospheric emission 
line we calculated the fractional error in the sky subtraction 
to be 3.6%, this compares with 1.1% expected from Poisson 
statistics. More importantly, we checked for any systematic 
errors in the sky subtraction using the residual continuum. 
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Figure 1. HST Wide Field Planetary Camera 2 (WFPC2) images of the E+A galaxy sample. Each image has dimensions 3 " X 3 ", 
corresponding to approximately 13.8 kpc at the cluster redshift and comparable to the total IFU aperture. 


We calculated the RMS of the mean value of the residuals 
in each lenslet and the mean RMS of the residuals averaged 
over all lenslets, the ratio of these gives the size of any sys¬ 
tematic errors in the sky subtraction with respect to the size 
of purely random errors. The resulting ratio is 0.14 imply¬ 
ing that any systematic sky subtraction error is roughly an 
order of magnitude smaller than the random errors. 


2.4 IFU-Object placement 

At this point of having derived accurately sky-subtracted 
spectra for the 20 lenslets in each IFU, it became appar¬ 
ent that most of our target galaxies were not perfectly cen¬ 
tred in each IFU. An example is shown in Fig. 2 where we 
plot the spectra obtained in each of the IFU ‘pixels’ for the 
galaxy CN191. Note that the normalisation of each spectrum 
is identical, so the continuum level of the twenty spectra can 
be directly compared. We see quite clearly in this case that 
the signal is at a maximum in the two spectra immediately 
below the centre of the IFU, indicating that the galaxy is 
off-centre in this direction by ~ Cf.'25 — O'.'50. 

In Fig. 3 we display the centroid positions of each galaxy 
within the IFU field, estimated from the total galaxy signal 
observed in each IFU pixel (see Section 4.2). The centroid 
positions of each galaxy in the coordinate system of Fig. 3 
are listed in columns (5) and (6) of Table 2. It can be seen 
from Fig. 3 that the galaxies are generally off-centre by at 
least half an IFU pixel (0'.'25), with quite a number being off- 
centre by as much as 1-2 IFU pixels (0'.'5 — I'.'O). This could 
be due to one or more of the following factors: (i) errors 


in the astrometric positions used for our galaxies, (ii) IFU 
positioning errors, and (iii) errors in the determination of 
the galaxy centroids from our IFU data. 

Since the placement of the IFU’s on target objects in¬ 
volves bringing them in approximately radially from their 
parked locations around the perimeter of the field, the IFU’s 
will generally all be at different position angles with respect 
to the sky. Hence Fig. 3 gives no sense as to whether the 
three possible sources of error above are random or system¬ 
atic. In Fig. 4, therefore, we plot the observed positional 
offsets in terms of their magnitude and direction on the sky. 
The vectors point in the direction of the calculated centre 
of the galaxy from the geometric centre of the IFU, and 
their lengths have been scaled up by a factor of 100 for 
display purposes. It would appear from this diagram that 
the positional errors are systematic on the sky, with per¬ 
haps marginal evidence that their magnitude increases with 
distance from the centre of the field. This implies there is 
some systematic problem with the IFU positioning across 
the field, either with the OzPos positioner or, more likely, in 
there being a systematic positional offset between the astro- 
metric zero points for our guide stars (which are not plotted 
in Fig. 4) and that of our target galaxies. As disappointing 
as it may be, we are left to conclude that this problem is 
most likely due to a combination of all three of the differ¬ 
ent types of error mentioned above, although we note that 
repeated tests of the OzPos positioner have indicated it is 
capable of placing the IFU’s to a RMS precision of better 
than 0'.'2. How we deal with this problem in our subsequent 
analysis is further detailed in section 4.2. 
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CN no. 

z 

bj - rp 

Kbj-rp 

^cen 

arcsec 

Veen 

arcsec 

Te 

kpc 

H5(CS8^ 

A 

H5f 

A 

Hyp 

A 

Slope (H5 f) 

A re ^ 

corr slope 

A re ^ 

143 

0.3103 

1.67 

0.64 

1.08 

1.12 

3.2 

7.7 

4.18 ±0.59 

4.36 ± 0.48 

0.80 ± 1.68 

1.6 

187 

0.3074 

2.29 

1.03 

1.33 

0.34 

2.6 

3.4 

-0.62 ± 0.56 

-2.39 ±0.42 

-0.69 ±0.67 

-1.8 

191 

0.3045 

1.61 

0.60 

1.55 

0.69 

1.9 

5.6 

3.20 ±0.38 

3.90 ±0.31 

-2.37 ±0.44 

-6.4 

228 

0.3161 

1.38 

0.46 

1.66 

1.12 

3.4 

5.1 

5.82 ± 0.66 

5.67 ±0.56 

1.96 ±0.85 

5.8 

22 

0.3356 

1.47 

0.53 

1.59 

0.74 

3.4 

8.1 

4.50 ±0.38 

NA 

-2.47 ±0.80 

-5.8 

247 

0.3191 

2.44 

1.15 

1.53 

0.98 

1.9 

2.8 

1.65 ± 0.56 

-0.41 ±0.41 

-0.14 ±0.55 

-0.2 

254 

0.3192 

1.99 

0.86 

1.65 

1.57 

2.7 

6.5 

2.24 ± 1.22 

2.10 ± 1.00 

-1.48 ± 1.45 

-4.3 

4 

0.3083 

2.29 

1.04 

1.28 

1.13 

5.2 

4.7 

-1.03 ± 0.38 

-1.13 ±0.28 

1.30 ± 1.60 

2.6 

667 

0.3122 

1.67 

0.64 

1.44 

1.56 

4.4 

7 

0.11 ± 0.50 

0.99 ± 0.38 

0.77 ± 1.32 

1.3 

849 

0.3235 

1.82 

0.75 

1.56 

1.87 

2.6 

4.6 

3.64 ± 0.30 

0.75 ± 0.24 

0.84 ± 0.40 

2.1 

858 

0.3118 

2.35 

1.00 

1.73 

0.92 

3.8 

3.8 

-0.77 ± 1.15 

-1.51 ±0.88 

2.17 ± 2.03 

6.1 

89 

0.3173 

2.23 

1.01 

1.88 

0.91 

2.8 

5.6 

2.60 ±0.65 

-0.77 ±0.57 

0.39 ±0.89 

0.9 


Table 2. Columns from left to right: galaxy ID, redshift, observed bj — Tf colour, K-correction , galax y centres in the x-y reference 
frame defined in Fig. 3, effective radius measured from the HST images, equivalent width from lCS871 H(5 f from spatially integrated 
FLAMES spectra, H 7 F from spatially integrated FLAMES spectra , slope of the H(5 f radial profiles (normalized to the effective radius) 
and the radial profile slopes corrected for the effects of astronomical seeing. Note the redshift of CN22 precludes the measurement of the 
H 7 F index. 
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Figure 2. Spatial geometry of the IFU’s used in our study. Each 
square represents an IFU lenslet, which is 0('5 on a side. The 
spectrum obtained through that lenslet (for CN191) is displayed 
within. The ordinate scale is identical in all lenslets; thus the con¬ 
tinuum level reflects the level of light observed in that direction 
on the sky. Note the astrometric offset, which is discussed in Sec¬ 
tion 2.4. The bottom right panel shows the HST image of CN191 
and its orientation with respect to the IFU. 


3 SPATIALLY INTEGRATED SPECTRA 

3.1 Construction and measurement 

Before utilising the spatially resolved spectroscopic infor¬ 
mation provided by our observations, it is instructive to 
first examine it in its ‘integrated’ form and see h ow our 
spectra compare with those previously obtained by ICS87l 
For each galaxy, we combined the 20 individual spectra ob¬ 
tained with each IFU into a single spatially integrated spec¬ 
trum. Each spectrum was weighted according to its variance 
to maximise the signal-to-noise ratio of the final integrated 
spectrum. The spectra for the 12 galaxies are presented in 
Fig. 5, having been smoothed with a Gaussian of FWHM 
1.2A. It can be seen that these integrated spectra are of 
reasonably high quality with ranging from ~5[A“^] for 
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Figure 3. The centroid positions of our galaxies within the IFU 
field; objects are labelled with their CN number. 


CN254 to ~20[A“^] for CN849, measured in a 100-A-wide 
interval (rest frame) just redwards of the H5 feature. Their 
signal-to-noise ratios are ce rtainly higher than those of the 
original spectra obtained bv lCS87t As such, the key spectral 
lines within our observed wavelength range (indicated by 
the vertical dashed lines in Fig. 5) are easily identifiable, in 
particular the Balmer absorption lines H5 and Hy. However, 
these two Balmer lines are conspicuous by their weakness or 
even absence in several of the galaxies (CN858, 667, 4, 187), 
bringing into question their classification as E-l-A types. 

These visual impressions were properly quantified by 
conducting redshift and spectral line index measurements. 
Redshifts were measured for each spectrum using the IRAE 
task FXCOR, which performs a Eourier cross-correlation 
iTonrv fc Davislll979^ of th e object spectru m with a set of 
template spectra taken from IVazdekij ([199^. The resulting 
redshifts for our 12 target galaxies are given in column (2) 
of Table 2. These redshifts are in good agreement with those 
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3900 4000 4100 4200 4300 3900 4000 4100 4200 4300 

Rest Wavelength (A) 

Figure 5. Spatially binned redsliift-corrected spectra for the twelve galaxies in our E+A galaxy sample. 


originally derived bv ICSSTi with the RMS difference between 
the two sets of redshifts being Azrms ~ 0.001. 

These redshifts were then used to precisely locate spec¬ 
tral lines within each spectrum and measure their equivalent 
width. Of primary importance here is the Hd line, given it s 
use in defining an E-l-A galaxy iCS87t IPressler et alJll99flll . 
To measure the equivalent width of this line we a dopte d 
the H5 f index definition of IWorthev fc Ottavianil lll997tl . 
whereby the signal within the line is evaluated over the 
rest-wavelength interval 4091.00-4112.25 A, and the neigh¬ 
bouring continuum levels are determined within the inter¬ 
vals 4057.25-4088.50 A and 4114.75-4137.25 A. The error in 
this index was calculated directly from the spectrum’s vari¬ 
ance array fsee lCardiel et ahlllOPljl . The H5 f values derived 
in this way are plotted in Fig. 6 {filled circles) and listed in 
column (9) of Table 2, for comparison the Hyn index values 
are given in column (10) of Table 2 and generally scale well 
with H(5 f. 


3.2 Comparison with CS87 

It is worthw hile co mparing our line index measurements 
with those of CS^ , and re-examining their E-l-A status. In 
Fig. 6 we Dlot lCS87r s H5 equivalent width values against our 
own. The first comparison we make is with our H5 f index 
values; this is shown by the filled circles. A low value of H(5 f 
(H5f ~ 0) is detected in galaxies CN858, CN667, CN4 and 
CN187, confirming the visual impressions mentioned above. 
As noted earlier, CN66 7’s spectral classification was previ¬ 
ously uncertain JcSS^), and we can now confirm i t to b e 
“passive” or, in the nome nclatu re of iDressler et alJ il999ll . 
a “k” type. Note since no lCS8'ij H(5 equivalent width index 
is available for CN667, it is arbitrarily assigned an ordinate 
value of zero in Fig. 6. The other three galaxies were, how¬ 
ever, all classified as E-|-A’s; our better quality and higher 
spectral resolution data clearly show these classifications to 
be incorrect. It can be seen, in Fig. 6, t hat our measured 
H(5f indices are generally smaller than the lCS8^ values, the 
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Figure 4. Vectors showing the magnitude and direction of the 
positional offsets of our target galaxies within the IFU’s, as they 
appear on the sky. The lengths of the vectors have been scaled 
by a factor of 100 for display purposes. The circle indicates the 
centre of the FLAMES field of view 
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Figure 6. The equivalent width values from lCS*^ versus those 
measured from our spatially integrated spectra (shown in Fig. 5). 
The filled circles show the comparison with our H(5 f index values; 
the open squares show the comparison with the values we obtain 
using the same intera ctive equivalent width measuring technique 
as that used hv lCS87l The point with a lCS87l HS value of zero cor¬ 
responds to CN667 for which no equivalent width measurement 
was made. 


averag e difference being ^2.7 A. However, we caution that 
ICSSTI used a different method for measuring the equivalent 
widths of lines in their spectra, and their integrated spec¬ 
tra were measured through a 2” aperture fibre, the exact 
positioning of which on each galaxy cannot be determined. 

While we are unable to determine what, if any, aperture 
effect the latter might introduce into our comparison, we can 
at least address the issue of different line measuring tech¬ 
niques. To do so, we re-measured the H5 equivalent width 
values of our spatially i ntegra ted spectra using the same 
‘interactive’ routine that ICSSTI used (the routine ABLINE 


in the Starlink software package). Here, the line and neigh¬ 
bouring continuum regions are identified interactively, an 
iterative polynomial fit is performed to determine the con¬ 
tinuum level across the line, and the line itself is fitted by a 
Gaussian function within the wavelength interval identified. 
Since spectral resolution can affect the measured equivalent 
width values, we were careful to firs t smooth our spectra to 
the resolution of the original ICSSTI spectroscopy. The com¬ 
parison with the H(5 equivalent width values measured using 
this technique is shown in Fig. 6 by the open squares. It can 
be seen that while o ur mea surements are still systematically 
smaller than those of lCSSTl the difference is nowhere near as 
great (cf. the Hdp measurements), the mean difference being 
~1.7A. Nonetheless, our comparison points to the fact that 
systematic differences in line index measurements can exist 
between different studies and data sets, and some caution 
needs to be exercised accordingly. One obvious cause of such 
differences, particularly for multi-object fibre-based studies, 
is a systematic error in sky-subtraction. This would lead to 
incorrect continuum levels within the spectra, and hence an 
over- or under-estimation of the equivalent widths. 

Hereafter, we only consider the eight galaxies in our 
sample where we have detected significant (H5p > lA) 
Balmer absorption. 


3.3 Spectrophotometric models revisited 

With there having been some revisions to the measured 
strengths of the key Balmer absorption lines within our 
E-l-A sample, a reexamination of their evolutionary status 
is warranted. This is be st done using the Hdp-colour di¬ 
agnostic diagram (|cS 83), where we compare the data for 
our galaxies with spectrophotometric models. This is shown 
in the top panel of Fig. 7, where we plot the H5p values 
measured for our galaxies against their b,j — r r colours (the 
reddening-corrected values taken from |SI3)- The spectra 
were smoothed to a resolution of SA prior to measuring the 
H5p indices in order to facilitate a consistent comparison 
with model spectra. We have K-corrected the colours using 
the formulae given by Wild et al. (2004), which calculate a 
K-correction based on redshift and colour: 

K, = [-1.63 + 4.53x]y + [-4.03 - 2.0lx]y^ - ^ ^ (1) 

Kr = [-0.08 + 1.45a;]y -k [-2.88 - 0.48a;]y^ (2) 

where x = bj — rf and y = z/{l -\- z). The magnitude of the 
K-correction for each galaxy is given in column (4) of Table 

2 . 

Also plotted in the top panel of Fig. 7 are the evolution¬ 
ary tracks for galaxies with different star formation histories; 
these wer e calculated using the stell ar population synthesis 
models of iBruzual fc Charlotl i2003r) . The Bruzual & Char¬ 
iot code returns line index measurements and B — R colours 
at a series of time steps for the chosen star formation his¬ 
tory computed directly from synthetic model spectra at 3A 
resolution. It is important to note that the line index mea¬ 
surements here were made using the same H5p definition 
(at the same spectral resolution) that was applied to our 
observed spectra, thereby ensuring complete consistency in 
comparing our observations with the models. As far as the 
model colours were concerned, they were transform ed into 
bj — Tf values using the conversion of|c ouchl (Il98lll : 
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bj -Tf = -0.017 + 1.059 (B-R)- 0.027 [B - Rf (3) 

In all cases we assumed a Salpeter llSa.lnetetlll 95, “jl initial 
mass function and an exponentially decaying star formation 
rate. The solid curves in the top panel of Fig. 7 trace the evo¬ 
lution in the Hd-colour plane for solar metallicity models in 
which this exponentially-decaying star formation is abruptly 
(instantaneously) truncated after 10 Gyrs. The model curves 
are shown from the time the star formation is truncated to 
a time 10 Gyrs after the end of star formation. The models 
displayed have exponentially-decaying star formation rates 
with e-folding times r =5, 10 and 15 Gyrs. The r =15Gyr 
model has the highest value of Hdp and bluest colour at the 
time the star formation is truncated (since it has the high¬ 
est star formation rate at this time). The r =5 and 10 Gyr 
models have progressively lower H^f index values and red¬ 
der colours. The dashed curve represents a r=5 Gyr model 
in which a 5-function burst of star formation occurs after 
10 Gyrs, converting 10% of the total galaxy mass into new 
stars. The dot-dashed curve is a variation of the starburst 
model in which the starburst, converting 10% of the galaxy 
mass into stars, takes place over a period of 1 Gyr. In order 
to investigate the effect of metallicity on these evolution¬ 
ary tracks in the H5p-colour plane, we also plot the tracks 
of the r=10Gyr model for sub-solar (Fe/H= —0.64) and 
super-solar (Fe/H= 0.56) metallicities. These are shown as 
the dotted lines in the top panel of Fig. 7. The lower metal¬ 
licity model track is shifted to have bluer colours than in 
the case of solar metallicity and the high metallicity track 
is shifted redward. Note the almost monotonic increase of 
observed H5p with increasing blueness. This is consistent 
with the general trends seen in all the model tracks. How¬ 
ever, apart from the low metallicity models, the data points 
in the top panel of Fig. 7 all lie blueward and/or beneath 
the model curves. This may be a result of errors in, any 
or all of, the reddening correction, colour conversion and 
K-correction causing the data to have colours which are 
too blue. Emission line filling from residual star formation 
present in the data but not in the models resulting in lower 
values of the measured H5p index could also explain the dis¬ 
crepancy. In the bottom panel of Fig. 7 we show the galaxies 
in the H5f-D400 0 plan e. We use the D4000 index definition 
of iBalogh et al.l (Il99flll which measures the ratio of the flux 
in a band just redward of the 4000A break (4050-4150A) to 
the flux in a band just blueward of the 4000A break (3850- 
3950A). This index is less affected by dust than broadband 
colours and does not rely on uncertain colour conversions 
and K-corrections. The same set of models described above 
are superimposed on the data and, in this case, there is 
no systematic offset in the D4000 index value between the 
model tracks and observational data. 

It is apparent from the tracks in Fig. 7 that it is difficult 
to distinguish between the truncation of a starburst episode 
and the abrupt truncation of normal star formation, unless 
the galaxy is observed shortly after the starburst when it will 
display bluer colours and stronger Balmer line absorption 
than can be reproduced by the truncation of normal star for¬ 
mation (upper left region of Fig. 7). We are unable to differ¬ 
entiate between the truncation of exponentially-decaying star 
formation and the sudden cessation of a starburst, on the 
basis of the ‘integrated’ H5 equivalent widths and broadband 
colours alone. It is worth noting that the duration over which 




Figure 7. Top panel: H5f plotted against bj — rg colour. The 
H(5 f measurements from our sample are plotted as fi lled ci rcles. 
The galaxy colours have been corrected for reddening JCSSTj) and 
K-correction. The curves are evolutionaj^_tracks_^roduced using 
the spectral synthesis models of |BruzuaJ^_^_Charjn^ l|200^. The 
solid lines represent evolutionary tracks for models in which nor¬ 
mal star formation is suddenly truncated. The dashed and dot- 
dashed lines show the evolution for a post-starburst galaxy. The 
dotted lines show the effect of varying metallicity. The details of 
these models are described in the text. Bottom panel: H^p plot¬ 
ted against the D4000 index. The model curves are the same as 
those shown in the top panel. 


these models can be distinguished is very short. For the star- 
burst models presented in Fig. 7, the interval between the 
time star formation ceases and the model galaxy evolves red- 
wards of bj — rp > 1.0, is approximately 600 Myrs. The short 
lifetime of this very blue H5-strong phase implies that very 
few galaxies should be observed in this part of parameter 
space. 
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4 SPATIALLY RESOLVED SPECTRA 

4.1 Defining the galaxy centre 


Due to our target galaxies being oflF-centre within the IFU’s 
(see section 2.4), our hrst step prior to analysing our spa¬ 
tially revolved spectral data was to find where each galaxy 
was centred within the IFU. This was done by summing the 
flux in each IFU element over the full wavelength range of 
the spectra to create an image in the IFU of each galaxy. It 
is insufficient to simply calculate a flux-weighted mean po¬ 
sition for the centre of the galaxy, because the small spatial 
extent of the IFU will cause us to underestimate the offset 
of the galaxy centre from the centre of the IFU. Instead we 
htted a surface z{x, y) to the IFU image: 

z{x,y) — a + bx + cx^ + dy + ey^ (4) 


and required the coefficients c and e to both be negative. 
The galaxy centre is then dehned by the maximum of the 
function z{x,y): 


—b . —d 

- and Ween = -• 

2c ^ 2e 


(5) 


Our choice of function is motivated only by the requirement 
that it has a well-defined maximum; the precise choice of 
functional form has little effect on the derived position of 
the maximum. In Fig. 3 we show the positions of the centre 
of the galaxies as determined from the maxima of the fitted 
paraboloids. 


4.2 Radial profiles 


The signal-to-noise ratio of the spectra obtained in each in¬ 
dividual IFU lenslet is insufficient to accurately map the 
spectral line features at an individual IFU pixel scale (Cf.'S). 
Hence we spatially binned the IFU spectra in annuli around 
the galaxy centres, focusing our attention on radial varia¬ 
tions in the spectral properties. 

In binning the data in this way, the weight assigned to 
the ith lenslet was taken to be: 


Wi = 


fjAj 

ESA, 


( 6 ) 


where fi is the total flux observed through the lenslet, and 
Ai is the area of the lenslet which falls within the annu¬ 
lar bin (the value for which was calculated numerically). 
The spectra were binned into three concentric annuli, which 
were partitioned at 0'.'5 and I'.'O. The outermost annulus con¬ 
tained all of the IFU spectra at radii greater than l", and 
its effective radius was taken as the midpoint between the 
1" ring and the smallest ring which contained the entire IFU 
field of view. This results in a of ~2-3[A“^] for the outer 
bins of the faintest galaxies to a of ~16[A“^] for the cen¬ 
tral bin of CN849. The Hd equivalent width measurements 
were then repeated on the binned spectra obtained in each 
of the three annuli. 

The radial variation in H5 f observed in each of our 
galaxies can be seen in Fig. 8, where we plot the values mea¬ 
sured in the three annular bins. Radial gradients are seen in 
most galaxies, and for the purposes of our subsequent anal¬ 
ysis (in particular, deconvolution; see below) we represent 
these via a linear ht to the data points: 

H5Fir) = a + P-, (7) 

Te 


where is the effective radius of the galaxies measured from 
the HST imaging and are given in column (7) of Table 2 and 
the slopes, fd, being listed in column (11) of Table 2. 


4.3 Deconvolving the seeing disk 

The galaxy flux distributions that we observe across the IFU 
lenslets are convolved with a seeing disk which has a time- 
averaged FWHM (0.75”) which exceeds the side length of 
a lenslet (0.5”). We therefore expect the ‘true’ deconvolved 
radial equivalent width prohle to differ significantly from 
that which is observed. Qualitatively, any observed equiva¬ 
lent width gradient will be more pronounced before convo¬ 
lution. In detail, we denote ElUcon and Econ as, respectively, 
the equivalent width and flux maps after convolution with 
the seeing disk. Let EWdec and Edec be the deconvolved 
maps of these quantities. The equations governing the con¬ 
volution (which is denoted by the overline symbol) are: 

Econ — Elec 

Econ X EWcon = Edec X ElUdec (8) 

In light of the inherent difficulties in performing nu¬ 
merical deconvolutions of general functions, we adopted the 
following method to determine the ‘true’ equivalent width 
profile EIFdec, which we assume is a linear function of ra¬ 
dius Elldec(c) = a -\- P' fr- Firstly, we fitted an elliptical 
Gaussian to the pixelised map of Econ, and deconvolved this 
function analytically using the observed seeing FWHM to 
obtain Edec- We then looped over a grid {a',P') of profiles 
for Elldec. For each grid point we deduced the resultant 
convolved map EII4on = (Edec x EIUdec)/Econ, which we 
binned radially for comparison with the linear hts to the 
observed [Hdp, r] data points (Table 2). The best-htting 
values of {a ,P') form our best model for the deconvolved 
radial equivalent width profile of each galaxy. 

The revised slopes P' are listed for each galaxy in the h- 
nal column of Table 2. We note that the corrections involved 
are substantial (a modiheation of the slope by a factor « 2), 
and always serve to increase the significance of the slope de¬ 
tection. This can be seen visually in Fig. 8 where we have 
plotted (as dotted lines) the ‘deconvolved’ linear relations; it 
is important to stress here that their behaviour is not simply 
determined by the radial variation seen in the observed Hdp 
values, but also the galaxy’s radial flux distribution! 


5 DISCUSSION 
5.1 General trends 

Inspection of Fig. 8 (or Table 2), whether it be the observed 
data points or the more accentuated ‘deconvolved’ linear 
profiles, indicates three distinct types of behaviour in terms 
of the variation of H5p with galacto-centric radius: (i) A neg¬ 
ative slope, with H(5 absorption being strongest at the centre 
of the galaxy and decreasing roughly monotonically with in¬ 
creasing radius - the E-l-A galaxies in our sample which show 
this type of behaviour are CN254, CN22, and CN191. (ii) A 
flat slope, with Hdp being uniform across the entire face of 
the galaxy - Three galaxies show this type of behaviour, and 
they are CN143, CN89 and CN247 (although arguably this 
latter galaxy is not an E-l-A type, due to its Hd absorption 
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Figure 8. Radial H(5 f profiles for the eight strong Balmer absorption line galaxies in our sample. The stars represent the measured HcSp 
values and the dotted lines represent the radial gradients after deconvolution with the seeing disk. The radial distances are shown in 
units of the galaxies’ effective radii as measured from the HST images (Fig. 1). 


being too weak [H5 f < 2 A]), (iii) A positive slope, with H5 
absorption being at its weakest at the centre of the galaxy 
and increasing roughly monotonically with increasing radius 
- the galaxies in this category are CN849 and CN228. 

Curiously, however, there appears to be little correla¬ 
tion between HJ profile slope and overall morphology. Two 
of the three negative slope galaxies are early-type disk galax¬ 
ies (CN254 - SOa, CN191 - Sa), and the two positive slope 
galaxies have this morphology as well (CN849 & CN228 - 
both Sab’s). The other negative slope galaxy, CN22, has a 
peculiar morphology and is clearly a merging system (which 
at least is consistent with its negative H5 slope; see below). 
Two of the three flat-sloped galaxies, CN89 & CN247, are 
both ellipticals. The only other flat-sloped galaxy, CN143, 
has an Sbc morphology, which we note is the latest Hubble 
type in our E-l-A sample. Finally, it should also be noted that 
merger/interaction activity appears to be prevalent amongst 
the positive and flat slope gal axies, with the HST-hased 
imaging of ICouch et alJ I^1998^ providing quite clear evi¬ 
dence that CN849 is interacting with its close, bright neigh¬ 
bour (with the two being connected by a tidal bridge), and 
somewhat more tentative evidence that CN247 is involved 
in a similar interaction with its neighbour. Although CN849 
is an interacting galaxy (It is clearly not in the late stage 
of a merger) this does not rule out that this galaxy has had 


its star formation recently truncated - producing its E-l-A 
spectral signature. 

5.2 Metallicity gradients 

Before we interpret these different radial Hd slopes fur¬ 
ther, it is important that we first check whether some of 
this variation could be due to metallicity gradients which 
are well known in galaxies. The strength of the hydrogen 
Balmer lines depends on the main-sequence turnoff temper¬ 
ature. Young main-sequence stars are hot and have strong 
hydrogen absorption. Metal-poor stars also have relatively 
hot main-sequence stars and stronger hydrogen absorption. 
However the effect is small c ompared with the effect of age 
iWorthev fc Ottavian^l^997^ . Metal absorption lines within 
the index continuum bands will also affect the derived value 
of the index. Unfortunately, we cannot attempt a rigor¬ 
ous treatment of metallicity effects for these specific galax¬ 
ies, because this would require further observation with a 
broader spectral range and higher signal-to-noise ratios. We 
can only discuss general trends. The expectation here is that 
the metallicity decreases wi th increasing distance from the 
galactic centre iSear There have been various sug¬ 

gestions for th e origin of the metallicity gradi ents in galaxies. 
The models of iLarsonI (ll974^ : ICarlbe^‘a (^1984^ predict that in 
the process of galaxy formation, the transfer and enrichment 
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of gas toward the galactic centre leads to more metal en¬ 
riched stars forming in the central re gions and hence t he de - 
velopment of a metallicity gradient. iMartinelli et a,f 1 (Il99ljl 
reproduced the observed metallicity gradients in galaxies us¬ 
ing a model in which supernova-driven galactic winds de¬ 
velop first in the outskirts of a galaxy and then successively 
progress toward the centre. 

Since the equivalent width of the H(5 line depends on 
metallicity as well as age, we need to evaluate the effect of a 
metallicity gradient on the H5 f profiles in Fig. 8. We cannot 
measure the metallicity gradients directly from our spectra 
because the observed wavelength range does not include a 
suitable metal l icity i ndex. Instead we used the models of 
iThomas et al.l (l2004l to compute the effect of metallicity 
on our measured H5 f values. By assuming [a/Fe]=0 and a 
single age population, a linear fit to these models yields the 
slope: 


dUSp 

d[Z/H] 


oc —1.98 A, 


(9) 


which is essentially independent of the age of the stellar pop¬ 
ulation. Typical metallicity gradients in early-type galaxies 
are: 


oc-0.22 ± 0.09 (10) 

ctlogr 

iPavies et a,l.ll99^ . We can combine equations (9) and (10) 
to estimate the radial variation in H5 f which would result 
solely from a gradient in metallicity: 


HSp oc (O.I 9 A) inr -|- constant 


( 11 ) 


Therefore, typical metallicity gradients in galaxies (in which 
the metallicity decreases with radius) result in an H5 f signa¬ 
ture that increases with radius. The radial profiles in Fig. 8 
span a range in galacto-centric radii of approximately 1 to 
5 kpc; from Equation (11), a fractional increase of 31% in 
H(5 f over this range would be expected from the metallic¬ 
ity gradient in Equation (10), or an average linear slope of 
8% kpc“^. In general this is small compared with the size 
of the observational errors for the E-|-A’s with flat or posi¬ 
tive slopes (see Table 2). Of course for those E-l-A galaxies 
with negative slopes, a metallicity gradient only serves to di¬ 
minish this type of radial behaviour; correcting for it would 
therefore just further steepen the increase in H5 absorption 
towards their centres. 


5.3 Comparison with numerical models 

In order to derive physical meaning from the observed ra¬ 
dial gradients of H5 f in E-|-As, we perform a set of numer¬ 
ical simulations of E-l-A galaxy formation. We investigate 
two possible scenarios of E-l-A galaxy form ation: (1) Galaxy 
merging producin g strong starbursts (e.g., l^lBekkill998i: 
iBekki et al.l 1200111 and (2) abr upt truncation of star for¬ 
mation in disk g alaxies fe.g.. IPoggianti fc Barbar^ Il99(it 
IShiova et alJl20Ml . 


5.3.1 Numerical simulations of H5 gradients 

Since the numerical methods and techniques we employ 
for modelling the chemodynamical and photometric evolu¬ 
tion of galaxy mergers and truncated spirals have already 


been described in deta il elsewhere iBekki fc Shiov3 Il998l : 
IBekki et al]l200ll l2002^ . we give only a brief review here. 

The progenitor disk galaxies that take part in a merger 
are taken to have a dark halo, a bulge, and a thin exponential 
disk with a total disk mass (Ma) of 6.0 x 10^° Mq and size 
(Rd) = 17. 5 kpc. We adopt the density distribution of the 
NFW halo iNavarro et al.lll99(il suggested from CDM sim¬ 
ulations and the radial (R) and vertical (Z) density profiles 
of the disk are assumed to be proportional to exp{—R/Ro) 
with scale length Rq — 0.2Rd, and to sech^(Z/Zo) with scale 
length Zo = 0.047?d, respectively. The disk is composed both 
of gas and stars with a gas mass fraction (/g) of 0.1. The 
gas is represented by a collection of discrete gas clouds that 
follow the observed mass-size relationship. Field star for¬ 
mation is modelled by converting the collisional gas parti¬ 
cles into colli sion-less new stellar particles. We adopt the 
Schmidt law j|Sclmii^j^59|) with exponent 7 = 1.5 (1.0 < 
7 < 2.0, lKennicutt l ll998l) as the controlling parameter of 
the rate of star formation. We determined the radial gradi¬ 
ent of H(5 equivalent width for a remnant of a merger sce¬ 
nario (with a prograde-retrograde orbital configuration) at 
the post-starburst phase (more than 0.2 Gyr after the peak 
of the starburst). 

For the truncation disk model, to be self-consistent we 
use the same disk parameters as outlined above. The bulge 
to disk ratio is 0.5. Star formation is simultaneously and uni¬ 
formly truncated throughout the entire disk after ~ 2 Gyr 
of isolated evolution (i.e., no tidal interaction/merging and 
no triggered starbursts). The resulting disk can contain a 
large fraction of young stars (i.e., A-type stars). Although 
our assumption of uniform truncation may be oversimpli¬ 
fied, particularly in the case of truncation resulting from 
cluster-related processes such as ram-pressure stripping of 
disk gas and halo gas stripping, it is adequate for the present 
study, and serves to illustrate the remarkable differences in 
the time evolution of H5 equivalent width radial gradients 
between the two E-l-A models (i.e., merger-induced starburst 
vs truncation). 


5.3.S Comparison with observed HS gradients 

The simulated H(5 radial profiles for the galaxy merger and 
instantaneous truncation models are shown in Fig. 9 and 
Fig. 10 respectively. For the galaxy merger model in Fig. 9 
we over-plot the H5 f measurements for our three negative- 
gradient galaxies: CN254, GN22 and CN191 (top panel, cen¬ 
tre panel and lower panel, respectively). For the instanta¬ 
neous truncation model we over-plot the observed H(5 f val¬ 
ues of three of our galaxies with positive and flat gradients: 
CN849, CN247 and CN228. In both cases we have displayed 
the H5 f values corrected for convolution with the seeing 
disk as described in Section 4.3. The errors in the equivalent 
width measurements after deconvolution were approximated 
by separately deconvolving the ±1 ct fits to the convolved ra¬ 
dial equivalent width profile and comparing the results with 
the best fit. The observed H5 f measurements are plotted as 
filled squares and the numerical model profiles as solid lines. 
For the merger model (Fig. 9) we show the radial H5 gradi¬ 
ent of the merger remnant at times of 0.2, 0.75 and 1.5 Gyrs 
since the maximal starburst. In the case of the instantaneous 
truncation model displayed in Fig. 10 we show the H5 pro- 
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files at times 0.2, 0.5 and 1.5Gyrs after the truncation of 
star formation. 

It is interesting to compare the differences in the radial 
behaviour of the Hd absorption line between the merger and 
truncation models. In the merger model a centralised burst 
of star formation is produced, when the starburst ends the 
galaxy is left with a central population of young stars and 
hence a radial distribution of Hd equivalent width which is 
highest in the centre and decreases rapidly with galacto- 
centric radius (see Tpsb = 0.2 Gyr profile in Fig. 9). As 
time progresses after the cessation of star formation the 
contribution to the integrated light from the youngest stars 
is diminished, resulting in a decrease in the Hd equivalent 
width which causes the radial profile to flatten. At a time 
Tpsb ~ 1.5 Gyr after the maximal starburst the radial 
profile has evolved to be flat and uniformly low across the 
entire extent of the galaxy - the E+A galaxy signature is 
no longer present. The H5 profiles shown in Fig. 9 are for 
a major merger model with a specific orbital configuration. 
However, it is expected that all tidally induced starbursts 
will exhibit qualitatively similar behaviour, with the star 
formation concentrated in the galactic centre, producing a 
post-starburst galaxy spectrum with a radial H5 equivalent 
width profile which decreases with galacto-centric radius. In 
contrast, the radial behaviour of the H5 absorption line in 
the instantaneous truncation model is quite different. Im¬ 
mediately after the truncation of star formation the galaxy 
has a flat uniformly high H5 equivalent width profile (see 
Tpr = 0.2 Gyr H5 equivalent width profile in Fig. 10). The 
galaxy GN143 exhibits such a profile (compare the radial 
profile for GN143 in Fig. 8 and Tpr = 0.2 Gyr prohle in 
Fig. 10). As the system evolves and the age of the youngest 
stellar population increases the contribution of the light from 
this young population of stars decreases. The decrease is 
most prominent in the centre of the galaxy where there exists 
a larger fraction of old stars; this results in the Hd equivalent 
width decreasing most rapidly in the central regions of the 
galaxy, leading to a positive H(5 equivalent width gradient 
which steepens with time. 

Given the very different expectations for the behaviour 
and time evolution of the H5 equivalent width radial prohle 
in E-l-A galaxies for the two formation mechanisms discussed 
(i.e. merger induced starbursts and abrupt truncation of star 
formation) we propose that the radial distribution of ab¬ 
sorption in E-|-A’s provides a useful tool in differentiating 
between these two formation mechanisms. In the sample of 
eight E-l-A galaxies examined here we hnd three galaxies 
(CN254, CN22 and CN191) which have a negative H5 p gra¬ 
dient. We suggest that this radial behaviour provides evi¬ 
dence that the E+A spectral signature in these galaxies has 
its origin in a merger or tidal interaction. The remaining hve 
E+A galaxies (GN143, GN89, CN849, GN228 and GN247) 
have either flat or radially increasing H5p prohles, these pro- 
hles are more consistent with the recent truncation of star 
formation in normal disk galaxies. 

6 SUMMARY 

We have obtained IFU spectra for 1 2 gala xies in AG114 
originally classihed as E+A systems bv lCS87i permitting the 


hrst investigation of the spatial distribution of H5 absorption 
in such galaxies. We summarise our Endings as follows: 

• We End global H5 equivalent width values lower than in 
the original IGSSTI sample from which our targets were se¬ 
lected. This is especially the case for the Eve galaxie s which 
were original assigned an HDS classiEcation bv lGSSTl We at¬ 
tribute this to differences in aperture placement and/ or sys- 
tematic errors in the sky subtraction of the original ICS87l 
sample. Some galaxi es app ear to have been misclassiEed 
based on the original IgSSTI spectroscopy. 

• Three galaxies in our sample exhibit negative Hdp gradi¬ 
ents implying a strong central concentration of young stars. 
The E+A galaxies in our sample which exhibit this property 
are GN254, CN22 and CN191. Normal metallicity gradients 
in galaxies, in which metallicity decreases with galactic ra¬ 
dius, would imply an even more signiEcant central concen¬ 
tration, as does correction for the smearing of the galaxy 
light due to seeing. The distribution of young star light in 
these galaxies is consistent with the origin of the global E+A 
signature being the result of a merger or tidal interaction. 

• Three galaxies in the sample, GN143, GN89 & CN247 
(which has globally low H5 p ) have a H5p proEle which is 
statistically consistent with being Eat. This proEle is consis¬ 
tent with a galaxy observed shortly after the global trunca¬ 
tion of its star formation. 

• Two galaxies in the sample show a positive H5p gradient 
with H5 absorption being at its weakest at the centre of the 
galaxy. The galaxies in this category are CN89 & CN228. 
These Hdp proEles are consistent with a galaxy which has 
undergone a global truncation of its star formation within 
the last 2 Gyrs. 
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Figure 10. Model radial profiles for our instantaneous truncation model {solid lines). The model curves are shown with with the 
observed (deconvolved) data for CN849 {top panel), CN247 {middle) and CN228 {lower) superimposed as filled squares. 




